1. Introduction
===============

Infective endocarditis (IE) is not a common disease, but when it occurs, it is associated with significant mortality and morbidity. A substantial rate of mortality, 9% to 22%, was reported among the patients who received antibiotics for IE.^\[[@R1]--[@R6]\]^

Early diagnosis of IE is essential through investigations including blood culture and echocardiography.^\[[@R7],[@R8]\]^ Early high-dosage antibiotic administration, and surgical intervention, are strongly associated with a reduced risk of in-hospital mortality and morbidity in IE.^\[[@R9],[@R10]\]^

On the other hand, delay in diagnosis and initiation of therapy lead to complications and unfavorable outcomes.^\[[@R11]\]^ Therefore, delayed diagnosis of IE is a critical issue that needs to be resolved, to save lives and avoid disability. Several studies conducted in IE patients revealed a significant delay in their diagnosis.^\[[@R2],[@R12]\]^ However, to the best of our knowledge, no study has been conducted before that focused on the factors causing delayed IE diagnosis.

Therefore, this study was performed to investigate factors that may have a role in the delayed diagnosis of IE from the day of patients visit to recall diagnosis. We also evaluated the delayed factors of day to definite IE diagnosis from the day of positive blood cultures.

2. Methods
==========

2.1. Study population
---------------------

Our retrospective cohort study was performed on patients who were diagnosed with IE in Shonan Kamakura General Hospital, Japan from April 2006 to March 2018. The private acute-care teaching hospital provides primary and tertiary care in Kanagawa prefecture, with about 9 million inhabitants. This 619 bedded hospital has departments in Cardiothoracic Surgery, Cardiovascular Medicine, Emergency Medicine, and General Internal Medicine. The hospital receives patients from all quarters, namely, primary care clinics, other hospitals, and directly from the adjoining areas for free access to physicians of various specialties. Our study included hospitalized patients with definite IE according to modified Duke criteria.^\[[@R13]\]^ The consecutive IE patients with nosocomial infections were excluded.

2.2. Data collection
--------------------

Data on the following patient-related factors were collected: age, gender, alcoholism, activities of daily living (ADL), living place, history of IE, history of cardiac surgery, heart valve disease, valve, device insertion, Charlson comorbidity index,^\[[@R14]\]^ recent history of dental care or dental caries, inappropriate antibiotic use, complaint of fever, complaint related heart failure, complaint related stroke, complaint related osteomyelitis, complaint related other septic embolism, fever \>38°C, shaking chill, hypoxemia, quick sequential \[Sepsis-related\] organ failure assessment (qSOFA) score,^\[[@R15],[@R16]\]^ cardiac murmur, serum C-reactive protein (CRP) level (mg/dL), rhythm on electrocardiogram, ejection fraction \>60% on echocardiography, negative finding on first echocardiography, microbiological finding (*Staphylococcus aureus* and *Streptococcus species*), impaired valve, and vegetation size. We also collected data on medical facility and physician-related factors like hospital resident on the hospital as a first contact doctor, primary care physician as a first contact doctor, General Internal Medicine physician as a first contact doctor, and whether the patient was transferred to the hospital by ambulance. Moreover, we evaluated data on the following outcome and complications: heart failure, infectious cerebral aneurysm, stroke, osteomyelitis, other septic embolism, surgery, length of stay (day), in-hospital mortality (%), and 90-day mortality (%). For appropriateness of previous antibiotic use, we assessed the chart information. We defined any antibiotics use before obtaining blood cultures as "inappropriate."

2.3. Statistical analysis
-------------------------

We aimed to evaluate factors associated with delayed recall diagnosis of IE patients. The primary outcome measure was the duration from the visit to the clinic or hospital and to the recall of the IE diagnosis (Fig. [1](#F1){ref-type="fig"}). For the day of visit-to-the day of diagnosis, we used the Cox proportional hazard model to analyze factors associated with delaying the diagnosis of IE. In a univariate model, the "patient-related factors" and "medical facility and physician-related factors" were evaluated as possible reasons for the delayed diagnosis of IE, based on log-rank test. Multivariable model was developed using the age, gender, ADL, Charlson comorbidity index, non-device insertion, non-chief complaint related fever, non-chief complaint related heart failure, inappropriate antibiotics use, absence of shaking chill, absence of fever \>38°C, hypoxemia, serum CRP level \<10 mg/dL, another bacteria of *S aureus*, negative finding on first echocardiography, resident on the hospital as a first contact physician, primary care physician as a first contact doctor, and transferred by a vehicle other than non-ambulance.
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Additionally, we assessed factors associated with the delayed definite diagnosis from reported positive blood cultures among IE patients (Fig. [1](#F1){ref-type="fig"}). The multivariable model analysis was developed using the multivariate Cox proportional hazard model. We selected the explanatory factors for the age, gender, device insertion, department, only 1 set positive blood culture, negative finding on first echocardiography, negative finding on first echocardiography after reported positive blood cultures, vegetation \< 10 mm, *S aureus*, no complication of stroke, no complication of osteomyelitis, and no complication of septic embolism.

A two-tailed p-value \<.05 was considered statistically significant. All statistical tests were undertaken using the SPSS Statistics version 21J (IBM, Tokyo, Japan). This research was approved by the Institutional Review Board of the Shonan Kamakura General Hospital (No. TGE01079-024).

3. Results
==========

Of the 145 patients diagnosed with definite IE during the study period, the mean age was 69.6 ± 16.1 years with 90 (62.1%) male and 55 (37.9%) female patients (Table [1](#T1){ref-type="table"} ). The various characteristics and univariate analysis in Table [1](#T1){ref-type="table"}  shows: the median time from first contact doctor to recall the diagnosis was 6 days (quartile, 2--16 day) (Fig. [2](#F2){ref-type="fig"}), from reported positive blood culture to definite diagnosis, it took 4 days (quartile, 2--9 day), eighty-one (55.9%) patients obtained blood cultures at the first visit, etiological organism was identified in 138 (95.2%) cases. The organisms associated with IE are seen in Table [1](#T1){ref-type="table"}  with *Streptococcal species*, being the most common (72 cases \[49.7%\]), followed by *Staphylococcal species* (44 cases \[30.3%\]) including *S aureus* (37 cases \[25.5%\]). During the hospital stay, 26 (17.9%) patients died in the hospital. Three month and in-hospital morality were 17.9% each. Sixty-eight (46.9%) patients received cardiac surgery for IE treatment. As a complication of IE, 45 (31.0%) patients had heart failure, 2 (1.4%) patients had an infectious cerebral mycotic aneurysm, 63 (43.4%) patients had a stroke, 18 (12.4%) patients had vertebral osteomyelitis, and 59 (40.7%) patients had another septic embolism. The mean length of hospital stay was 46 ± 26 days.
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Patients characteristics and univariate analysis associated with delayed recall diagnosis of infective endocarditis.
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The median days for various events as shown in Figure [3](#F3){ref-type="fig"} include, patient symptoms to the first visit to a clinic/hospital was 3 days, to obtain blood cultures was 6 days, to admit in the hospital was 7 days, to report a positive blood culture was 7 days, to recall diagnosis of IE was 9 days, and to diagnose definite IE was 13 days, respectively.
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Univariate analysis description revealed, inappropriate antibiotics use (*P* = .001), fever (*P* = .044), no-shaking chill (*P* = .035), non-hypoxemia (*P* = .016), qSOFA score (*P* = .004), serum CRP \<10 mg/dL (*P* \<.001), negative-finding on first echocardiography (*P* = .03), *S aureus* (p = .011), resident in the hospital as a first contact doctor (*P* \< .001), primary care physician as a first contact doctor (*P* = .022), and transfer to the hospital by ambulance (*P* \< .001) were significant factors associated with a delayed diagnosis of IE (Table [1](#T1){ref-type="table"} ).

On multivariate analysis using Cox hazard model, inappropriate antibiotics use (HR, 1.61; 95% CI, 1.01 to 2.57; *P* = .045), absence of fever \>38°C (HR, 1.80; 95% CI, 1.11 to 2.90; *P* = .016), serum CRP level \<10 mg/dL (HR, 1.53; 95% CI, 1.01 to 2.33; *P* = .046), and transfer to hospital by a vehicle other than an ambulance (HR, 3.18; 95% CI, 1.72 to 5.85; *P* \< .001) were significantly associated with delayed recall diagnosis of IE (Table [2](#T2){ref-type="table"})
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Factors associated with delayed recall diagnosis of infective endocarditis.
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Out of the 126 patients evaluated for the delayed definite diagnosis from reported positive blood cultures among IE patients, 19 patients were excluded. The 7 among excluded, were negative for blood culture and the 12 were diagnosed with IE before reported positive blood culture. On additional multivariate analysis, Cox hazard model revealed, device insertion (HR, 2.01; 95% CI, 1.17 to 3.48; *P* = .012), negative finding on first echocardiography after report of positive blood culture (HR, 1.85; 95% CI, 1.10 to 3.11; *P* = .020), no complication of stroke (HR, 1.51; 95% CI, 1.03 to 2.22; *P* = .037); all these factors were significantly associated with delayed definite diagnosis of IE after a reported positive blood culture (Table [3](#T3){ref-type="table"}).
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Factors related with delayed definite diagnosis of infective endocarditis after a reported positive blood culture.
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4. Discussion
=============

In present retrospective cohort study, we found that inappropriate antibiotic use, non-ambulance transfer to a hospital, absence of fever \>38°C, and serum CRP level \<10 mg/dL were associated with delayed diagnosis of IE. Device insertion; negative echocardiography finding after reporting a positive blood culture, and no complication of stroke were factors related to a delayed definite diagnosis, after a reported positive blood culture.

The duration between the first visit to a clinic/hospital and the definite diagnosis of IE (10 days), was more than the duration between the development of patient symptoms to the first visit of a clinic/hospital (3 days) (Fig. [3](#F3){ref-type="fig"}). The result show that diagnosing IE as early as possible is more important than the duration taken for the first visit to a clinic/hospital, to improve its mortality and morbidity. It is, therefore, important to promote medical education and improve the diagnostic methods for IE, to shorten the duration for its diagnosis.

In one of the earlier studies, univariate analysis has shown the tendency of the relationship about inappropriate antibiotics use as an associate factor for the delayed diagnosis of IE, but the multivariate analysis did not show any relationship, probably due to small sample size used.^\[[@R2]\]^ Although high body temperature predicts bacteremia,^\[[@R17],[@R18]\]^ patients without fever \>38°C may be overlooked bacteremia such as for a diagnosis of IE. Fever may be absent in 20% to 30% of elderly patients being affected with a serious infection.^\[[@R19]\]^ Therefore, physicians can't exclude the diagnosis of IE even in the absence of a fever. We speculate, physicians may delay obtaining blood cultures in patients with lower CRP level, similar to delay in diagnosis of vertebral osteomyelitis related to lower CRP level.^\[[@R20]\]^ Physicians may attribute either viral infections or some other non-bacterial causes in patients with the lower CRP level. Moreover, our research (data not shown in the part of Results) showed that patients with IE attributed to *streptococcus species* had lower CRP levels. In patients with serum CRP level \<10 mg/dL (n = 77), *S aureus* were involved in 13.0% (n = 10) and *Streptococcus species* were involved in 54.5% (n = 42). On the other hand, in patients with serum CRP level \>10 mg/dL (n = 68), *S aureus* were involved in 39.7% (n = 27) and *Streptococcus species* were involved in 44.1% (n = 30). Therefore, physicians should take care of delay diagnosis of *Streptococcal* IE patients with lower CRP level. It is easy to obtain blood cultures in emergency room (ER), especially patients using ambulance are obtained due to available access. While the diagnosis of IE was delayed in patients using non-ambulance services for hospital visit due to difficulty access to obtain blood cultures. Therefore, delayed recall diagnosis of IE, due to inappropriate antibiotics use, in patients transferred by non-ambulance vehicular services, in patients without high fever, and in patients with lower CRP level can be improved significantly through educating physicians and improving the diagnostic methods.

As device insertions, including cardiac pacemaker and implantable cardioverter-defibrillator were increased worldwide,^\[[@R21]\]^ device-related infective endocarditis also increased.^\[[@R22]\]^ The diagnosis of cardiac device infections, particularly device-related endocarditis, is challenging.^\[[@R23]\]^ Thus, patients with device insertion may be taken longer days from reported a positive blood culture to definite IE diagnosis, consistent with the results of our additional analysis. After reporting a positive blood culture, transthoracic echocardiography (TTE) is usually performed. Most guidelines recommend transesophageal echocardiography (TEE) in cases of suspected IE, particularly when an initial TTE is negative.^\[[@R24],[@R25]\]^ Thus, those patients with false negative TTE will have their diagnosis delayed. False negative TTE may confer a more benign prognosis among patients ultimately diagnosed with IE.^\[[@R8],[@R26],[@R27]\]^ In the hospital, there is a department of neuro-endovascular surgery. After diagnosed the stroke in the department of ER, the neuro-endovascular surgeon is referred as soon as possible and assesses the etiology of stroke. Therefore, IE complicated stroke may be early diagnosed after reporting a positive blood culture. The factors of device insertion, negative echocardiography, and no complication of stroke depend on the IE patients, does not depend on steps taken for diagnostic improvement.

To the best of our knowledge, our research is the first study that focuses on factors associated with delayed diagnosis of IE. The noteworthy strength of this study is that the data were collected from a relatively large-scale sample. Moreover, we followed real data from patient symptoms through clinic/hospital visit to definite diagnosis of IE (Fig. [3](#F3){ref-type="fig"}). The results show that the duration between the patient\'s clinic/hospital visit and the day of obtaining blood cultures or the day recalling diagnosis of IE needs a lot to improve, during the period to a definite diagnosis.

This study has several limitations. Our research was based on a single-center cohort design. The clinical ability of physicians was variable, depending on their level of training and experience, which may have led to selection bias. Also, we are unable to establish a causal relationship in this retrospective observational study.

Future research needs to be directed at understanding the factors associated with a delayed diagnosis of IE; this information may help with earlier diagnosis of IE patients and improve patient outcomes. Therefore, multi-center, prospective studies, by using a multi-level analysis are required, across different population groups to support the evidence of our findings.

5. Conclusions
==============

We revealed the process for a definite diagnosis of IE, from a time of its initial symptoms. Physicians can improve the diagnostic delay of IE, by shortening the duration to obtain blood cultures or recalling the IE diagnosis. Diagnosis of IE was delayed in patients with inappropriate antibiotics use, patients transferred by non-ambulance vehicular services, patients without high fever, and patients with lower CRP level. Therefore, physicians need to take care of appropriate antibiotic use and consider obtaining blood cultures in patients who are transferred by other means of transportation than in ambulances, patients without fever \>38°C, and patients with lower CRP levels for earlier IE diagnosis.
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